Structural, sedimentological, magnetostratigraphic, and nøAr/39Ar thermochronological investigations were conducted in the southern Chinese Tian Shan. On the basis of our own mapping and earlier investigations in the area, the Late Cenozoic southern Tian Shan thrust belt may be divided into four segments based on their style of deformation. From west to east, they are (1) Kashi-Aksu imbricate thrust system, (2) the Baicheng-Kuche fold and thrust system, (3) the Korla right-slip transfer system, and ( 
These structures are variably interpreted as contractional [Jia et al., 1991] or transpressional structures [Yan, 1991] . Northern Tarim was a foreland basin between Triassic and Early Cretaceous, which has unconformities and pulses of conglomerate deposition interpreted to record intervals of renewed Mesozoic compression and uplift of the Tian Shan [Hendrix et al., 1992] . A series of shallow marine transgressions, entering the Tarim basin from Tadjik basin to the west, occurred between the beginning of the Late Cretaceous and early Oligocene [Hao and Zeng, 1984] . During the transgressions, the Upper Cretaceous through Lower Oligocene sediments were deposited in a shallow sea as indicated by alternating shallow marine and hypersaline lagoon to nonmarine units [Sobel, 1995] . The transgression in the Paleocene may have covered much of the Tarim basin, as indicated by the presence of thick Paleocene gypsum deposits [Sobel, 1995] lun Shan implies that (1) the two mountain ranges did not begin to uplift after the early Oligocene and (2) the southernmost Chinese Tian Shan has been uplifted for at least 1.5-2.0 km, which are the current elevations for these marine beds.
Southern Tian Shan Thrust Belt
The southern Tian Shan thrust belt may be divided into four segments based on their styles (e.g., basement involved versus thin skinned and lateral ramps versus frontal ramps) and struc- The Kashi-Aksu thrust system consists of thrust imbricates involving strata from Cambrian to Quaternary (Figure 3 and cross section AA' in Figure 4) . McKnight [1993 McKnight [ , 1994 was the first to recognize the thin-skin style of thrusting in this thrust system. He projects the decollement to the base of the Cambrian strata, which are the oldest exposed unit in the imbricate system. In the northern part of the thrust system, deformation involves the Devonian and Carboniferous strata and is characterized by isoclinal folding. The angular unconformity between the Carboniferous and the folded strata below [Chen, 1985] . It also implies that the initiation of the thrusts was induced by folding instability [Smith, 1977] , as it produces a spatial periodicity of stress concentration. In contrast to the southern part of the thrust system, the thickness of the Paleozoic strata is both greater and more variable in the northern thrust system. As a result, the thrusts are more closely spaced, folds are tighter, and back thrusts are well developed. Because the hanging wall cutoffs of the imbricate thrusts have been eroded away, it is difficult to estimate the exact amount of shortening across the thrust system. However, by projecting stratigraphic contacts and fault trajectories, the minimum amount of Cenozoic shortening across the thrust system was estimated to be 23 km, which implies 22% shortening strain. This estimate was based on the interpretation that the basal decollement follows the same stratigraphic unit and steepens northward as a result of increase in thickness of the Carboniferous-Permian strata (cross section AA' in Figure  4 ). This estimate is a minimum, because hanging wall units are extrapolated as simple hanging wall anticlines against the upward projection of the thrust faults. In a different approach, McKnight [1993] assumes a fault-bend fold geometry for the hanging wall strata of individual thrusts. Under this assumption, the hangingwall cutoffs are projected much farther in the thrust transport direction. Consequently, 50 km of Cenozoic shortening across the thrust system was estimated, significantly greater than our estimate. As the projected fault-bend folds above the thrusts have been eroded away, it is difficult to test the validity of this model.
3.2.
Baicheng-Kuche Thrust System
The Baicheng-Kuche thrust system is characterized by a major north dipping thrust, the Kuche thrust, in its eastern part (Figure 2 and Plate 1). This thrust connects with the Korla transfer system to the east and numerous folds and minor thrusts to the west. The folds and thrusts in the western part of the system mark the termination of the Kuche thrust. The lack of evenly spaced imbricate thrusts in the Baicheng-Kuche thrust system contrasts sharply to the Kashi-Aksu thrust system. This may be attributed to the fact that the thickness of the Paleozoic-Mesozoic strata is significantly greater in the •, KUChe 'thrus t 
Biostratigraphy
Late Cretaceous to early Tertiary biostratigraphy of the southern Tian Shan and northern Tarim basin are arguably the best studied stratigraphic units in western China. A series of lengthy reports has been published on this subject, which are the results of more than 10 years of systematic studies in the region. These reports discuss regional biostratigraphic correlation of these marine units [Tang et al., 1992] . They also provide general background for paleoecology and depositional environments of Late Cretaceous-early Tertiary fossils including gastropods [Pan, 1990] , enchinoids [Yang, 1991] , brachiopods [Sun, 1991] , nannofossils [Zhong, 1992] , and ostracod fauna [Yang et al., 1995] 
Lithostratigraphy
Tertiary lithostratigraphy was investigated in detail in two sections in this study (Figures 8b and 8c) •mean = 170 ø A total of 81 sites were collected from the two sections.
Samples from 6 of the 81 sites were destroyed during shipping. The surviving samples were drilled into 1.5-cm-diameter cores. Ideally, at least three cores were obtained from each sample, but in practice, samples from 47 sites yielded three or more cores, and 28 produced one or two specimens. The characteristic remnant magnetism (ChRM) of each sample was measured using a cryogenic magnetometer in the laboratory of Joseph Kirschvink at the California Institute of Technology. The procedure of our sample analysis follows that of Butler [1992] . The natural remnant magnetism (NRM) of each specimen was measured first. Next, specimens from selected sites were demagnetized using stepwise alternating-field (AF) demagnetization from 0 G to 800 G in 50-G intervals. Sites whose characteristic component of NRM (ChRM) was not clearly resolved by AF demagnetization were then subjected to thermal demagnetization; samples were heated stepwise to 680øC by 100øC-increments from 150 ø to 450øC and in 25øC -increments from 500øC to 650øC.
In general, the results from the two sections varied significantly in their quality and reliability. This is, in large part, due to the grain sizes available for sampling. The Bestantuogela samples consist primarily of siltstone and very fine-grained sandstone, whereas the Kuche samples are typically siltstone to fine-grained sandstone in the lower part and medium-grained sandstone in the upper braided-fluvial sequence.
When the ChRM revealed by demagnetization is compared to the original NRM, we found that the majority of samples received very little postdepositional overprinting. After demagnetization, the samples from the two sections passed both the reversal and fold tests [e.g., McElhinny, 1973] .
The mineralogy of the samples was revealed in the J/Jo plot [Craig, 1995] , which is a magnetic intensity plot showing the loss of intensity after each step of demagnetization. J represents the magnitude of the magnetic vector and Jo represents the original intensity The plot shows that the dominant mineral in the Bestantuogela section is titanomagnetite, as indicated by the large reduction in NRM during AF demagnetization [Butler, 1992] . The magnetism present after the sample was heated to the Curie temperature of the titanomagnetite (575øC) is due to the presence of titanohematite, which has a Neel temperature of 670øC and sometimes retains magnetism up to 725øC. The samples from the Kuche section typically retained their levels of magnetic intensity to higher temperatures and are less sensitive to AF demagnetization. NRM in those samples is due to a larger component of titanohematite.
The final results were analyzed using spherical statistics. The quality of all the sites was classified into three groups, using the Fisher k statistic for dispersion on a sphere [Fisher, 1953] . If the magnetic directions from at least three samples from a site were in close agreement (k > 10), then the site was classified as class I. If two samples were in close agreement, while the third was not (k < 10) or if less than three samples were analyzed from a site, then the site is classified as class II. If there was little agreement between the samples or if only one sample for a site was recovered, then it is a class III site. Class III sites were not used in the magnetic-polarity sections, unless only one sample was recovered and that sample had a clear ChRM direction. With this classification in data quality, the Kuche section consists of 34%, 23%, and 43% of class I, II, and III sites, respectively. In contrast, the Bestantuogela section is composed of 61%, 27%, and 12% of class I, II, and III sites, respectively. The key assumption in our correlation is that the youngest age of the gypsum-bearing strata in the Kuche foreland basin correlates with the early Oligocene-Miocene Suweiyi Formation. This makes the sequence above the gypsum beds in the Kuche section late Oligocene or younger in age. Because no gypsum beds are present in the Bestantuogela section, it should also be late Oligocene or younger in age according to our lithological correlation to the biostratigraphy of Ye and Huang [ 1990] .
Correlation to the magnetic-polarity
The measured magnetostratigraphic section was correlated using the best interpretive fit to the magnetic-polarity timescale of Cande and Kent [1992] (Figure 9) . Because of fewer high-quality sample sites in the Kuche section, its correlation to the magnetic timescale is problematic. In contrast, the Bestantuogela section provides an excellent fit (Figure 9 ). This fit resulted from numerous tests of changes in assumptions: (1) we allowed sedimentation rates to vary by a factor of 2; (2) we examined changes in rates in the top and bottom of the Bestantuogela section; and (3) we compared the column with all of the Oligocene through Pliocene reversals. The best correlation of the Bestantuogela section with the magneticpolarity timescale requires the sedimentation rate to be 0.2 m ka 'l. Note that the poor correlation in the basal part of the Bestantuogela section is the result of both the large number of small reversal events which occurred during this time interval and wide sample spacing which may have caused several events to be unrecognized.
The good fit of the Bestantuogela section may be, in turn, used to constrain the age of the magnetically poorly defined Kuche section if the facies relationship between the two sections can be established. One possibility is that the lacus- Another complexity involving dating initiation of thrusting is that deposition of conglomerates in the distal area may be related to cessation of thrusting, whereas deposition of fine- Figures 10b-10d) . The Kuche thrust began to develop in the footwall of the older thrust Figures 10b and 10c) . Its initiation produced a fault-propagation anticline and shed coarse-grained sediments southward, recorded by the deposition of the alluvial fan sequence. The development of the older thrust, the Kuche thrust, and the younger minor thrusts and folds produced the synfolding sequence of sedimentation (Figures 10c-10e) 
Denudation of the Chinese Tian Shan
In order to constrain the paleotopographic history of the Tian Shan, the denudation and crustal-shortening histories of •' Total gas ages calculated from step-heating results. 
Relationship Between Uplift, Denudation, and Crustal Shortening
The surface of the Earth is continuously altered under the influence of weathering, erosion, plate tectonics, deposition, and volcanic processes. One of the goals of our investigation was to estimate both the elevation of the Tian Shan prior to late Cenozoic deformation and the elevation gained with respect to sea level since late Cenozoic deformation began. This may be achieved by interpreting the results of our geologic observations in the framework of a simple quantitative model based on the assumptions of conservation of mass, uniform crustal shortening, and Airy isostacy described below. As the uncertainty of our estimates on the magnitude and timing of both Cenozoic crustal shortening and exhumation in the Chinese Tian Shan is large (e.g., a factor of 2-4 in estimating the magnitude of shortening, depending on the assumption of thrust-fault geometry), the one-dimensional model presented below should be regarded as a conceptual guide rather than a realistic model at this stage. This model serves to demonstrate the need for well-distributed, high-resolution field data (i.e., crustal shortening and denudation) in reconstructing the paleoelevation history of the Tian Shan. Although not explored here, the biggest uncertainty in estimating the elevation history of a region is the effect of changes in thermal states in the lithosphere, which is difficult to quantify by surface geology.
The magnitude of uplift, U, of a mountain range at a point i s the difference between its present elevation e2(t) and its past elevation el(to) at a specific time towith respect to the sea level (Figure 11 2 and 4 km (i.e., e2 -2-4 km) and 5-km denudation and 20-30% shortening strain are applied uniformly in the region, that would place its paleoelevation between 1.1 and 3.7 km (Figures 12a and 12b) o Taking these estimates at a face value, it implies that the southern Chinese Tian Shan had a significant elevation, between 1.1 and 3.7 km, prior to the initiation of Cenozoic thrusting and that the mountain range has been uplifted between 0.9 and 1.3 km since the early Miocene. 
Conclusions

